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(57) Abstract: The invention refers to a new process for the production of purification of high purity plasmid DNA. The process 
comprehend};: a) Ihe production (if cells coriUiniiig pla.sniid DNA, b) Ihe disrupUon of llie cells in order lu ohUiin a lysule containing 
plasmid DNA. c) a concentration step by precipitation with isopropanol, d) a pre-purification and conditioning step by the addition 
of ammonium sulphate^ e) a purification step using hydroptiobic interaction chmniatography, f) a final concentiaiion and/or buffer 
^ exchange step. The process is scalcablc, it docs not use enzymes or mutagenic agents and it enables the preparation of plasmid DNA 
^ witli phannaceutical grade, which complies with the requirements of regulatory agencies. The invention belongs to the teclmical 
^ domain of Biochemical Engineering/Biotechnology. 



wo 02/04027 Al lilliiiiiiiliniiliiilliiii 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations*' appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



wo 02/04027 



PCT/PTOl/00012 
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DESCRIPHON 

PURIFICATION OF PLASMID DNA BY HYDROPHOBIC INTERACTION CHROMATOGRAPHY 

5 

FIELD OF THE INVENTION 

10 The invention refers to a process for the production and purification 

of high purity plasmid DNA. The proposed melhod enables the preparation of 
considerable amounts (milligrams, grams) of plasmid DNA with pharmaceutical 
grade for use in gene therapy and DNA vaccination. The invention belongs to the 
technical domain of Biochemical Engineering/Biotechnology. 

15 

BACKGROUND OF THE INVENTION 

Recent studies have demonstrated that plasmid DNA can be used as 
a non-viral vector to deliver therapeutic genes to human cells and tissues as a way 

20 of curing and preventing diseases such as cystic fibrosis and AIDS. One of the 
technological challenges associated with gene therapy and DNA vaccination is 
the development of processes for the large-scale purification of plasmid DNA, 
capable of delivering a product that is safe, efficient and economic according to 
the requirements of regulatory agencies. Although plasmid DNA is produced by 

25 growing bacterial cells like the majority of recombinant proteins, the information 
relative to purification methods for their large-scale production is still scarce. 
Additionally, the existent laboratory-scale protocols are not adequate for the 
large-scale production of pharmaceutical grade plasmid DNA, due to 
technological, economic and safety reasons, since they use organic, mutagenic 



r 

WO 02/04027 



PCT/PTOl/00012 



aind toxic compounds (phenol, chloroform, ethidinm bromide, cesiiun chloride) 
and animal derived enzymes (lysozyme, protease K and RNase). The use of these 
reagents in a process for the production of a product that is intended for human 
use always requires its complete removal from the end product. This removal 
5 then has to be demonstrated unequivocally by the manufacturer, a process that is 
often diflBcult to carry out. The use of some reagents may even be barred in the 
first place. Some plasmid purification processes have been developed on the basis 
of these laboratory protocols with the intention of producing a 
pharmaceutical-grade product at large-scale. 

10 

The challenge posed to the purification process is the removal of 
impurities such as lipopolysaccharides, RNA, denatured plasmid DNA and 
genomic DNA (gDNA), which have properties similar to those of plasmid DNA 
and which behave identically in most of the purification operations. The 

15 production and purification of plasmid DNA comprehends the usual steps of 
fermentation, primary isolation and pxuification. At laboratory scale, primaiy 
isolation is usually performed by the alkaline lysis method, developed to dismpt 
cells and denature genomic DNA and proteins that precipitate together with 
cellular debris and other impurities. At this stage the use of animal-derived 

20 enzymes such as lysozyme and RNase is common. Due to its animal origin, these 
components may introduce viral (or other) contamination in the product, and thus 
its use is not advisable. 

The lysate obtained may be concentrated and partially purified 
25 using extraction with organic solvents (mixtures of phenol, chloroform and 
iso-amylic alcohol) and/or precipitation with adequate agents such as 
isopropanol, ethanol, poly(ethylene glycol) and ammonium acetate. One or two 
chromatography operations usually follow. In most cases anion exchange and gel 
filtration chromatography have been used; affinity and reversed phase 
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chromatography applications have also been described. On the other hand, 
hydrophobic interaction chromatography, which is a powerful technique often 
used in the purification of therapeutic proteins, has not been used for the 
purification of plasnud DNA. 

5 

DESCRIPTION OF THE INVENTION 

The invention refers to a new process, which is adequate for the 
production and purification of plasmid DNA for use. in gene therapy and DNA 
10 vaccination. This process is scaleable. The main step consists in the use of 
hydrophobic interaction chromatography. The process, which is described next 
for the case of plasmid DNA hosted in an E. coli strain and schematised in figure 
1 comprehends: 

a) the production of cells containing plasmid DNA by fermentation 
15 b) the disruption of the cells in order to obtain a lysate containing 

plasmid DNA 

c) a precipitation step with an adequate agent designed to concentrate the 
plasmid DNA 

d) a pre-purification and conditioning step accomplished by the addition 
20 of a salt 

e) a purification step using hydrophobic interaction chromatography 

f) a final concentration and/or buffer exchange step 

g) the invention also describes the preparation of some non-commercial 
hydrophobic interaction chromatography supports which are suited for 

25 the purification of plasmid DNA. 

The different steps are described next in more detail, 
a) Production of cells: cells containing the plasmid DNA are grown as usual, 
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in shake flask or fermentor, using an adequate culture medium and suitable 

conditions of temperature and pH, The cells are harvested as usual by 
centrifugation or microfiltration and used inmiediately or else frozen for 
later processing. 

5 b) Preparation of the lysate: the cells obtained in a) are re-suspended in a 
buffer with a composition (e.g. sodium acetate, potassium citrate), pH and 
ionic strength adequate to the subsequent lysis step. The lysis is designed to 
disrupt the cells, extract plasmid DNA and precipitate proteins, genomic 
DNA and high molecular weight KNA. The lysis may be mechanical (e.g. in 

10 a sonicator, high-pressure homogenizer or French press) or chemical (e.g. 

alkaline lysis). In the preferred case of a chemical lysis in an alkaline 
medium, an alkali (e.g. sodium hydroxide, potassium hydroxide) and 
detergent (e.g. Tween® 80 or sodium dodecyl sulphate) solution with an 
adequate composition and ionic strength is added slowly to the cell 

1 5 suspension. The pH of the resulting mixture must be controlled between 12 

and 12.5, in order to minimise denaturation of plasmid DNA. The lysis 
mixture is then neutralised by slowly adding a salt solution with an adequate 
pH (e.g. 3 M potassium acetate, pH 5.5) in order to facilitate the removal of 
insoluble material resulting from lysis. This insoluble material is removed 

20 by centrifugation and/or filtration with filters, using adequate conditions. 

Filtrating agents or aids may be used to improve the efficiency of the 
process. The outcome of this step is a clarified lysate containing plasmid 
DNA and cell impurities (RNA, denatured genomic DNA, proteins, 
lipopolysaccharides). 

25 c) Concentration by precipitation: the plasmid DNA contained in the clarified 
lysate is precipitated by the addition of an agent such as isppropanol, 
ethanol or poIy(ethylene glycol) under adequate concentration and 
conditions. The precipitate obtained is recovered as usual, by centrifiigation 
or filtration, and re-dissolved in a smaller volume of an adequate buffer. 
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d) Pre-purification and conditioning: the plasmid DNA obtained in c) is 
pre-purified and conditioned by addition of an adequate salt. The addition of 
the salt enables not only the precipitation of the majority of the proteins 
(more than 95 %) remaining in the lysate, but also creates the adequate 
5 conditions of composition and ionic strength for the subsequent step of 

hydrophobic interaction chromatography- Typically a salt such as 
anomonium acetate, sodium acetate, ammonium or sodium sulphate will be 
added in high concentration (1 .5-3.0 M). The resulting precipitate is 
removed using adequate techniques such as centrifiigation and filtration. 
10 The obtained supematant is rich in plasmid DNA but also contains 

impurities such as proteins, genomic DNA, RNA, oligonucleotides and 
lipopolysaccharides. According to the invention, the subsequent purification 
is performed by hydrophobic interaction chromatography using an adequate 
solid support 

15 e) Hydrophobic interaction chromatography: the type of chromatography 
proposed here (hydrophobic interaction) explores differences in 
hydrofobicity between the plasmid DNA and impurity molecules. 
Specifically, it explores tlie higher hydrophobicity of single stranded nucleic 
acids, which account for most of the impurities (RNA, oligonucleotides, 

20 denatured genomic DNA and plasmid DNA), comparatively to double 

stranded nucleic acids such as is the case of the target product, plasmid 
DNA. Lipopolysaccharides (LPS) are anotiiier class of impurities that are 
more hydrophobic than plasmid DNA, due to the presence of a lipidic part 
(lipid A) in their molecular structure. The support for hydrophobic 

25 interaction chromatography may be a commercial one or not. According to 

the method, the referred support is packed in a column with dimensions 
chosen on the basis of the scale of the process. An adequate volume of the 
lysate obtained in d) is injected in the column, which is then washed with an 
eluent of high ionic strength. As an example, ammonium sulphate 1.5 M can 
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be used. Since plasmid DNA possesses a weak hydrophobic character it 
does not bind to the support and is eluted firstly from the column. All the 
impurities contained in the lysate are more hydrophobic than the plasmid 
and thus interact with the hydrophobic support. As a consequence they are 
5 retarded during elution and exit the column separately from the plasmid. 

The plasmid DNA is then collected at the outlet of the column. 

f) Concentration and/or buffer exchange: the plasmid DNA obtained in e) may 
be concentrated by addition of a precipitating agent such as isopropanol, 
ethanol or poly(ethylene glycol) under adequate concentmtion and 

10 conditions. The precipitated plasmid DNA is recovered as usual, by 

centrifugation or filtration, and re-dissolved in a smaller volume of a buffer 
adequate for its final use. 

g) Preparation of a hydrophobic interaction chromatography support: a 
hydrophobic interaction chromatography support adequate for the 

IS purification of plasmid DNA according to the process described in e) is 

prepared by covalently coupling mildly hydrophobic molecules to an 
adequate solid support. This solid support may be any organic, inorganic or 
composite material, porous, super-porous (pore diameter >30|im) or 
nonporous, which is adequate for chromatography. As an example 

20 Sqpharose CL-6B® can be used. The support mat be derivatized, for 

example, with poly(alkene glycols) (poly(propylene glycol), poly(ethylene 
glycol)), alkanes, alkenes, alkynes, aryls, 1,4-butanediol diglycidyl ether or 
other molecules which confer a hydrophobic character to the support. 

25 INNOVATIVE CHARACTERISTICS 



The process developed possesses innovative characteristics, namely 
the use of non-commercial hydrophobic interaction chromatography soHd 
supports to bind impurities contained in clarified cell lysates (RNA, denatured 
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genomic DNA, denatured plasmid DNA, oligonucleotides, lipopolysaccharides), 
with the objective of purifying double stranded plasmid DNA. 

EXAMPLE 1. Preparation of pre-purified lysates containing a plasmid DNA 
5 with 8500 base pairs 

Cells of Escherichia coli (DH5a strain) were transformed with a 
plasmid with 8500 base pairs, and grown overnight at 37°C in shake flasks 
containing LB (Luria Broth) culture medium, at an orbital stirring of 250 rpm. 

10 The cells were harvested at the end of the growth phase and separated by 
centrifugation at 18 000 g (15 minutes at 4°C). The supernatant liquid was 
discarded. The cells were then lysed chemically in alkaHne medium as described 
next. The cells corresponding to a culture medium of 500 ml were re-suspended 
in 25 ml of a solution with 61 mM glucose, 10 mM Tris buffer, pH 8.0 and 10 

15 mM EDTA. The lysis was performed by addition of 25 ml of a pre-chilled 
(4-10''C) solution with 200 mM of NaOH and 1% (w/v) of sodium dodecyl 
sulphate. The resulting solution was mixed gently and incubated on ice for 10 
minutes. Next, the obtained lysate was neutralised by addition of 20 ml of a 
pre-chilled (4-10**C) solution of potassium acetate 3 M, pH 5.0. The resulting 

20 solution was mixed gently and incubated on ice for 10 minutes. The precipitate 
formed (cell debris, genomic DNA and proteins) was removed by centrifiigation 
at 18 000 g (20 min, 4°C). The supematant. was filtered through paper filter in 
order to remove suspended particles. The total mass of plasmid DNA in this 
solution, measured by anion-exchange HPLC analysis was 3.9 mg. 

25 

The plasmid DNA contained in the clarified lysate (around 80 ml) 
was precipitated by the addition of 0.6 volumes of cold isopropanol (-20°C). 
After mixing, the solution was incubated during 30 minutes at 4^C. The obtained 
precipitate was recovered by centrifugation at 10 000 g (20 min, 4°C), and 
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re-dissolved in 9 ml of Tris buffer 10 mM, pH 8.0. The total mass of plasmid 
DNA in this solution, measured by HPLC analysis, was 2.4 mg. 

The plasmid DNA in this solution was pre-purified and conditioned 
5 by addition of soUd ammonium sulphate up to a concentration of 2.5 M. The 
resulting solution was incubated during 15 minutes on ice. The precipitated 
proteins were removed by centrifugation at 10 000 g during 20 niin. The total 
mass of plasmid DNA in the resulting supernatant, measured by HPLC analysis, 
was 1.8 mg, corresponding to a purity of 49 %. 

10 

EXAMPLE 2. Preparation of pre-purified lysates containing a plasmid DNA 
with 6050 base pairs 

Cells of Escherichia coli (DH5a strain) were transformed with a 
15 plasmid with 6050 base pairs, and grown overnight at 3TC in shake flasks 
containing TB (Terrific Broth) culture medium, at an orbital stirring of 250 rpm. 
The cells were harvested at the end of the growth phase and separated by 
centrifugation at 18 000 g (15 miautes at 4^C). The supernatant liquid was 
discarded. The cells were then lysed chemically in alkaline medium as described 
20 next. The cells corresponding to a culture medium of 500 ml were re-suspended 
in 25 ml of a solution with 61 mM glucose, 10 mM Tris buffer, pH 8.0 and 10 
mM EDTA. The lysis was performed by addition of 25 ml of a pre-chilled 
(4-lOT) solution with 200 mM of NaOH and 1% (w/v) of sodium dodecyl 
sulphate. The resulting solution was mixed gently and incubated on ice for 10 
25 minutes. Next, the obtained lysate was neutralised by addition of 20 ml of a 
pre-chilled (4-lO^C) solution of potassium acetate 3 M, pH 5.0. The resulting 
solution was mixed gently and incubated on ice for 10 minutes. The precipitate 
formed (cell debris, genomic DNA and proteins) was removed by centrifugation 
at 18 000 g (20 min, 4^C). The supernatant was filtered through paper filter in 
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order to remove suspended particles. The total mass of plasmid DNA in this 
solution, measured by anion-exchange HPLC analysis was 8.7 mg. 

The plasmid DNA contained in the clarified lysate (around 70 ml) 
5 was precipitated by the addition of 0.6 volumes of cold isopropanol (-20**C). 
AftCT mixing, the solution was incubated during 30 minutes at 4**C. The obtained 
precipitate was recovered by centrifiigation at 10 000 g (20 min, 4*"^, and 
re-dissolved in 18 ml of Tris buffer 10 mM, pH 8.0. The total mass of plasmid 
DNA in this solution, measured by HPLC analysis, was 7.6 mg. The plasmid 
10 DNA in this solution was pre-purified and conditioned by addition of solid 
ammonium sulphate up to a concentration of 2.5 M. The resulting solution was 
incubated during 15 minutes on ice. The precipitated proteins were removed by 
centrifiigation at 10 000 g during 20 min. The total mass of plasmid DNA in the 
resulting supernatant, measured by HPLC analysis, was 6 mg, corresponding to a 
15 purity of 32%. 

EXAMPLE 3. Preparation of pre-purified lysates containing a plasmid DNA 
with 7067 base pairs 

20 Cells of Escherichia coU (Topi OF' stram) were transformed with a 

plasmid with 7067 base pairs, -and grown overnight at 37°C in a fermenter 
containing 4 litres of TB (Terrific Broth) culture medium. The cells were 
harvested at the end of the growth phase and separated by centrifiigation at 14 
300 g (15 minutes at 4*'C). The supernatant liquid was discarded. The cells were 

25 lysed chemically in alkaline medium as described next. The cells corresponding 
to a culture medium of 4000 ml were re-suspended in 75 ml of a solution with 50 
mM glucose, 25 mM Tris buffer, pH 8.0 and 10 mM EDTA. The lysis was 
performed by addition of 75 nd of a pre-chilled (4-10**C) solution with 200 mM 
of NaOH and 1% (w/v) of sodium dodecyl sulphate. The resulting solution was 
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, mixed gently and incubated on ice for 10 minutes. Next, the obtained lysate was 
neutralised by addition of 56 ml of a pre-chilled (4-10°C) solution of potassium 
acetate 3 M, pH 5.0. The resulting solution was mixed gently and incubated on 
ice for 10 minutes. The precipitate formed (cell debris, genomic DNA and 
5 proteins) was removed by centrifiigation at 14 300 g (25 min, 4®C). The 
supernatant was filtered through paper filter in order to remove suspended 
particles. The total mass of plasmid DNA in fhis solution, measured by 
anion-exchange HPLC analysis was 86.5 mg. 

10 The plasmid DNA contained in half of the volume of the clarified 

lysate (around 500 ml) was precipitated by the addition of 0.7 volumes of cold 
isopropanol (-20°C). After mixing, the solution was incubated during 90 minutes 
at 4®C. The obtained precipitate was recovered by centrifiigation at 10 000 g (30 
min, 4^*0), and re-dissolved in 150 ml of Tris buffer 10 mM, pH 8.0. The total 

1 5 mass of plasmid DNA in this solution, measured by HPLC analysis, was 7.6 mg. 
The plasmid DNA in this solution was pre-purified and conditioned by addition 
of solid ammonium sulphate up to a concentration of 2.5 M. The resulting 
solution was incubated during 15 minutes on ice. The precipitated proteins were 
removed by centrifiigation at 10 000 g during 20 min. The total mass of plasmid 

20 DNA in the resulting supernatant, measured by HPLC analysis, was 74.7 mg, 
corresponding to a purity of 66.1 %. 

EXAMPLE 4. Preparation of a hydrophobic interaction chromatography support 
by derivatisation of Sepharose CL-6B® with 1,4-butanediol diglycidyl ether 

25 

A non-commercial hydrophobic interaction chromatography 
support adequate for the purification of plasmid DNA was prepared as described 
next. The reagent 1,4-butanediol diglycidyl ether was covalently bound to a 
commercial, non-derivatised chromatographic support of Sepharose CL-6B®. 
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Five grams of dry Sepharose CL-6B were washed with water in a Buchner 
funnel, and mixed with 5 ml of 1,4-butanediol diglycidyl ether. Five ml of a 0.6 
M solution of sodium hydroxide containing 10 mg of sodium borohydride were 
added. The suspension was mixed by orbital shaking for 8 h at 25°C. The 
5 derivatization reaction was stopped by extensively washing the support with large 
volumes of distilled water in a Buchner funnel. The siq>port was then treated with 
1 M sodium hydroxide overnight at room temperature, for the purpose of 
inactivating free epoxy groups. 

10 EXAMPLE 5. Preparation of a hydrophobic interaction chromatography support 
by derivatisation of Sepharose CL-6B® with poly(propylene glycol) 380 

A non-commercial hydrophobic interaction chromatography 
support adequate for the purification of plasmid DNA was prepared as described 

15 next The reagent diglycidyl ether of poly(propylene glycol) 380 was covalently 
bound to a commercial, non-derivatised support of Sepharose CL-6B®. Five 
grams of dry Sepharose CL-6B were washed with water in a Buchner fimnel, and 
mixed with 5 ml of diglycidyl ether of poly(propylene glycol) 380. Five ml of a 
0.6 M solution of sodium hydroxide containing 10 mg of sodium borohydride 

20 were added. The suspension was mixed by orbital shaking for 8 h at 25'*C. The 
derivatization reaction was stopped by extensively washing the support with large 
volumes of distilled water in a Buchner fiimiel. The support was then treated with 
1 M sodium hydroxide overnight at room temperature, for the purpose of 
inactivating free epoxy groups. 

25 

EXAMPLE 6. Hydrophobic interaction chromatography with a non-commercial 
support 

A glass column XK 16/20 (20 cm x 1.6 cm) from Pharmacia was 



wo 02/04027 PCT/PTOI/00012 

-12- 

packed with 28 ml of tibte hydrophobic interaction chromatography support 
(Sepharose CL-6B® modified with 1,4-butanediol diglycidyl ether) prepared as 
described in Example 4. A chromatographic bed with 14 cm height was obtained. 
The column was connected to the medium-pressure liquid chromatogr^hy 
5 system from Pharmacia, Fast Protein Liquid Chromatography (FPLC). The 
column was equilibrated with a 1 .5 M solution of ammonium sulphate in 10 mM 
Tris, pH 8.0, at a flow rate of 1 ml/min . Five hundred |il of tiie plasmid DNA 
solution (25 ^g of plasmid DNA) pre-purified and conditioned as described in 
Example 1 were injected in the column. Elution was performed at a flow rate of 1 
10 ml/min with a 1.5 M solution of ammonium sulphate in 10 mM Tris, pH 8.0. The 
absorbency of the eluate was continuously measured at the column outlet at 254 
ma, One-ml fractions were collected in 1.5 ml tubes. After elution of the species 
which do not interact with the support (plasmid DNA) and of the species which 
interact moderately (denatured genomic DNA, denatured plasmid DNA, RNA 

r 

15 and oligonucleotides), flie elution was continued at 1 ml/min with a solution of 10 
mM Tris, pH 8.0 in order to remove the species which bind to the support 
(lipopolysaccharides). The column was finally washed with a 1 M solution of 
sodium hydroxide, and re-equilibrated at a flow rate of 1 ml/min with a L5 M 
solution of ammonium sulphate in 10 mM Tris, pH 8.0. Figure 2 presents the 

20 chromatogram obtained. The first peak, which elutes at 10 minutes, contains 
plasmid DNA. The species that interact moderately (denatured genomic DNA, 
denatured plasmid DNA, RNA, oligonucleotides and lipopolysaccharides) elute 
from 23 minutes on as a broad peak. 

25 The fractions containing plasmid DNA were pooled and analysed 

by means of different analytical techniques: HPLC, agarose gel electrophoresis, 
restriction analysis, transformation experiments, Southern analysis, endotoxin 
analysis (LAL method) and protein analysis. The plasmid DNA mass was 
measured by HPLC analysis: the jdeld of chromatography was detemiined to be 
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70 % and the HPLC purity was higher than 99%. The identity of the plasmid was 
confirmed by restriction analysis using restriction enzymes in accordance witii the 
plasmid restriction map. The absence of RNA and of denatured plasmid forms 
was demonstrated by anion exchange HPLC and agarose gel electrophoresis. The 
5 absence of proteins in the final plasmid DNA solution was demonstrated by 
protein analysis using the Pierce method and polyaciylamide gel electrophoresis. 
The levels of contamination by genomic DNA were assessed by Southern 
analysis, which determined a residual amount of Escherichia coli genomic DNA 
between 3 and 6.2 ng/|ag of plasmid DNA. This value is bellow the levels 

10 required for plasmid DNA preparations to be used in gene therapy (< 10 ng/\xg of 
plasmid DNA). The endotoxin levels were measured by the LAL method to be 
equal to 0.048 EU/^ig of plasmid DNA. This value is bellow the levels required 
for plasmid DNA preparations to be used in gene thempy (< 0.1 EU/|ig of 
plasmid DNA). The purified plasmid DNA was used to transform competent cells 

15 of DH5a. The transformation efficiency calculated was similar to the one 
obtained using plasmid DNA purified by altemative methods. 

EXAMPLE 7. Hydrophobic interaction chromatography with a commercial 
support 

20 

A glass column XK 16/20 (20 cm x 1,6 cm) fi'om Phannacia was 
packed with 28 ml of the hydrophobic interaction chromatography support 
Phenyl-Sepharose from Pharmacia. A chromatographic bed with 14 cm hei^t 
was obtamed. The column was connected to the medium-pressure liquid 
25 chromatography system from Pharmacia, Fast Protein Liquid Chromatography 
(FPLC). The column was equilibrated at a flow rate of 1 ml/min with a 1.5 M 
solution of ammonium sulphate in 10 mM Tris, pH 8.0. Five hundred |li1 of the 
plasmid DNA solution (149 |J,g of plasmid DNA) pre-purified and conditioned as 
described in Example 2 were injected in the column. Elution was performed at a 
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flow rate of 1 ml/min wilh a 1.5 M solution of ammonium sulphate in 10 mM 
Tris, pH 8.0, The absorbency of the eluate was continuously measured at tiie 
colmnn outlet at 254 nm. One-ml fractions were collected in 1.5 ml tubes. After 
elution of the species which do not interact wifli the support (plaatnid DNA), tiie 
5 elution was continued at 1 ml/min with a solution of 10 mM Tris, pH 8.0 in order 
to remove the species which interact moderately (denatured genomic DNA, 
denatured plasmid DNA, RNA and oligonucleotides) and the species which bind 
to the support (Upopolysaccharides). The column was finally washed with a 1 M 
solution of sodium hydroxide, and re-equilibrated at a flow rate of 1 ml/min with 
10 a 1.5 M solution of ammonium sulphate in 10 mM Tris, pH 8.0. Figure 3 presents 
the chromatogram obtained. The first peak, which elutes at 10 minutes, contains 
plasmid DNA. The species that interact moderately (denatured genomic DNA, 
denatured plasmid DNA, RNA, oligonucleotides and Upopolysaccharides) elute 
firom 20 minutes on as a broad peak. ' 

15 

The fi:actions containmg plasmid DNA were pooled Mid analysed 
by means of different analytical techniques: HPLC, agarose gel electi:ophoresis, 
restriction analysis, ti:ansformation experiments, Southern analysis, endotoxin 
analysis (LAL method) and protein analysis. The plasmid DNA mass was 

20 measured by HPLC analysis: the yield of chromatography was determined to be 
85 % and the HPLC purity was higher than 99%. The identity of flie plasmid was 
confirmed by restiiction analysis using restriction enzymes in accordance with the 
plasmid restriction map. The absence of RNA and of denatured plasmid forms 
was demonstiated by anion exchange HPLC and agarose gel electrophoresis. The 

25 absence of proteins in the final plasmid DNA solution was demonstrated by 
protein analysis using tiie Pierce method and polyacrylamide gel electrophoresis. 
The purified plasmid DNA was used to transform competent cells of DH5a. The 
efficiency of ti-ansformation calculated was similar to the one obtained using 
plasmid DNA purified by alternative methods. 
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EXAMPLE 8. Scale-up of hydrophobic interaction chromatography 

This example shows that the purification of plasmid DNA by 
5 hydrophobic interaction chromatography can be performed at larger scales 
without significant impact on the quality of the final product A glass column XK 
50/30 (30 cm X 5 cm) from Pharmacia was packed with 334 ml of the 
hydrophobic interaction chromatography support prepared as described in 
Example 5 (Sepharose CL-6B® with poly(propylene glycol) 380). A 

10 chromatographic bed with 17 cm height was obtained. The column was 
connected to the medium-pressure liquid chromatography system Biopilot firom 
Pharmacia, and equilibrated at a flow rate of 10 nil/min with a 1,5 M solution of 
ammonium sulphate in 10 mM Tris, pH 8.0. Thirty ml of the plasmid DNA 
solution (14942 |ig of plasmid DNA) pre-purified and conditioned as described in 

15 Example 3 were injected in the column. Elution was performed at a flow rate of 
10 ml/min with a 1.5 M solution of ammonium sulphate in 10 mM Tris, pH 8.0. 
The absorbency of the eluate was continuously measured at the outlet at 280 nm. 
Fractions were collected at the column outlet. After elution of the species which 
do not interact with the support (plasmid DNA) and of the species which interact 

20 moderately (denatured genomic DNA, denatured plasmid DNA, RNA and 
oligonucleotides), the elution was continued at 10 ml/min with a solution of 10 
mM tris, pH 8.0 in order to remove and the species which bind to the support 
(lipopolysaccharides). The column was finally washed with a 1 M solution of 
sodium hydroxide, and re-equilibrated at a flow mte of 10 ml/min with a 1.5 M 

25 solution of ammonium sulphate in 10 mM Tris, pH 8.0. Figure 4 presents the 
chromatogram obtained. The first peak, which elutes at 10 minutes, contaias 
plasmid DNA. The species that interact moderately (denatured genomic DNA, 
denatured plasmid DNA, RNA, oligonucleotides and lipopolysaccharides) elute 
firom 30 minutes on as a broad peak. 
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The fractions contamihg plasmid DNA were pooled and analysed 
by means of different analytical techniques: HPLC, agarose gel electrophoresis, 
restriction analysis, transformation experiments, Southern analysis, endotoxin 
analysis (LAL method) and protein analysis. The volume of the plasmid fraction 
5 was of 77 ml. The plasmid DNA mass was measured by HPLC analysis: the yield 
of chromatography was determined to be 95 %, the plasmid concentration was 
184 mg/ml, and the HPLC purity was higher than 99%, The identity of the 
plasmid was confirmed by restriction analysis using restriction enzymes in 
accordance with the plasmid restriction map. The absence of RNA and of 

10 denatured plasmid forms was demonstrated by anion exchange HPLC and 
agarose gel electrophoresis. The absence of proteins in the final plasmid DNA 
solution was demonstrated by protein analysis using the Pierce method and 
polyacrylamide gel electrophoresis. The levels of contamination by genomic 
DNA were assessed by Soufhem analysis, which determined a residual amount of 

1 5 Escherichia coli genomic DNA lower than 7.8 ng/^g of plasmid DNA. This value 
is bellow the levels required for plasmid DNA preparations to be used in gene 
therapy (< 10 ng/|ig of plasmid DNA). The endotoxin levels were measured by 
the LAL method to be equal to 0.00026 EU/|Ltg of plasmid DNA. This value is 
bellow the levels required for plasmid DNA preparations to be used in gene 

20 therapy (< 0.1 EU/|Lig of plasmid DNA). The purified plasmid DNA was used to 
transform competent cells of DH5a. The efficiency of transformation calculated 
was similar to the one obtained using plasmid DNA purified by alternative 
metliods. 

25 EXAMPLE 9. Separation of denatured plasmid DNA by hydrophobic interaction 
chromatography 

This example shows that hydrophobic interaction chromatography 
is capable of separating native forms of plasmid DNA from denatured forms. The 
30 term denatured refers to conformations of plasmid DNA in which the hydrogen 
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bonds between complementary strands are disrupted. These denatured foxms 
originate essentially during the alkaline lysis process, especially if the pH of the 
lysis mixtures exceeds the value of 12,5, The term native refers to conformations 
of plasmid DlsfA in which the hydrogen bonds between complementary strands 
5 are intact. 

Mixtures containing native and denatured plasmid DNA were 
artificially prepared as described next. Pure plasmid DNA, obtained as described 
in Example 6, was denatured by controlled incubation at 75°C in the presence of 

10 133 mM NaOH. Thus it was possible to prepare samples containing different 
amounts of native and denatured plasmid DNA. Next, a glass column XK 16/20 
(20 cm X 1.6 cm) fix)m Pharmacia was packed with 28 ml of the hydrophobic 
interaction chromatography support (Sepharose CL-6B® modified with 
1,4-butanediol diglycidyl ether) prepared as described in Example 4. A 

15 chromatographic bed with 14 cm height was obtained. The column was 
connected to the medium-pressure liquid chromatography system from 
Pharmacia, Fast Protein Liquid Chromatography (FPLC) and equilibrated at a 
flow rate of 1 ml/min with a 1.5 M solution of ammonium sulphate in 10 mM 
Tris, pH 8.0. Samples of plasmid DNA prepared by artificial denaturation were 

20 then injected (500 |jil, 22 (J-g/ml). Elution was performed at a flow rate of 1 
m]/n[iin with a L5 M solution of ammonixmi sulphate in 10 mM Tris, pH 8.0. The 
absorbency of the eluate was continuously measured at the outlet at 254 nm. 
One-ml fractions were collected in 1.5 ml tubes. Figure 5 shows the 
chromatogram obtamed. The native plasmid DNA does not interact with the 

25 support, and elutes from 10 minutes on. The denatured plasmid DNA interacts 
moderately with the support and elutes from 20 minutes on. This way, the 
hydrophobic interaction column proposed enables the separation of native 
plasmid DNA from denatured plasmid DNA. The material in each peak was 
collected separately and identification tests were carried using restriction 

30 enzymes and agarose gel electrophoresis. 
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CLAIMS 

!• A process for the production and purification of plasmid 
5 DNA with a pharmaceutical-grade characterised by being comprised of the steps: 
a) production of cells containing plasmid DNA, b) preparation of a lysate 
containing plasmid DNA by disrupting cells with the method of alkaUne lysis, c) 
a concentration step by precipitation with an adequate agent, d) a pre-purification 
and conditioning step by addition of a salt, e) a hydrophobic interaction 
10 chromatography purification and f) a final step of concentration and/or buffer 
exchange. 

2. A process according to claim 1 characterised by the fact that 
the cell lysis is mechanical. 

15 

3. A process according to claims 1 or 2, characterised by the 
fact that the concentration step by precipitation is performed with isopropanol or 
with poly(ethylene glycol) with an average molecular weight between 7000 and 
9000. 

20 

4. A process according to claims 1, 2 or 3, characterised by the 
fact that the pre-purification and conditioning step by salt addition is made with 
anrmionium sulphate in the concentration range of 1.5 to 3.5 M. 

25 5, A process according to claims 1, 2, 3 or 4 characterised by 

the fact that it is complemented with a step of sterilisation, formulation and filling 
of vials with the purified plasmid DNA. 

6. A process according to claims 1 to 5, characterised by ttie 
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fact that it is used to p\irify and separate DNA on a preparative or analytical scale, 
which is then to be used in gene therapy, DNA vaccination and research 
applications. 

5 7. A process of hydrophobic interaction chromatography for 

the purification of plasniid DNA contained in clarified lysates obtained fi:om 
cells, characterised by liie fact that it enables the removal of impurities such 
proteins, denatured genomic DNA, RNA, oligoribonucleotides, 
oligodeoxyribonucleotides, denatured plasmid DNA and lipopolysaccharides. 

10 

8. A process according to claim 7, characterised by the fact that 
solid support is any organic, inorganic or composite material, porous, 
super-porous or non-porous, suitable for chromatographic separations, which is 
derivatised with poly(alkene glycols), alkanes, alkenes, alkynes, arenes or other 

1 5 molecules that confer a hydrophobic character to the support. 

9. A process of hydrophobic interaction according to claim 7, 
characterised by the fact that solid supports (spherical or not) of 
Phenyl-Sepharose® and Sepharose® derivatised with poly(propylene glycol), 

20 poly(ethylene glycol) or 1,4-butanediol diglycidyl ether. 

10. A process according to claims 7, 8 or 9 characterised by the 
fact that it is used to purify double stranded genomic DNA contained in clarified 
lysates prepared from cells. 

25 

11. A process according to clainfis 7, 8 or 9 characterised by the 
fact that it is used to separate denatured plasmid DNA from native plasmid DNA 
contained in clarified or pre-purified lysates, prepared firom cells. 
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12, A process according to claims 7, 8, 9, 10 or 11 characterised 
by the fact that the purification by hydrophobic interaction chromatography is 
carried out in a fixed bed. 

5 13. A process according to claims 7, 8, 9, 10 or 11 characterised 

by the purification by hydrophobic interaction chromatography is carried out in 
e:)q)andedbed. 

14, A process according to claims 7 to 13, characterised by the 
10 fact that it is used to purify and separate DNA at a preparative or analytical scale, 
which is then to be used in gene therapy, DNA vaccination and research 
applications. 
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